To determine the staphylococcal colonization pattern in healthy and diseased dogs, living in two particular environments, a number of microbiological samples were taken. Overall, twenty dogs, either healthy or with infected skin lesions, were examined. In each case bacterial swabs were collected from the nasal mucosa, ear, perineum, lumbo-sacralis triangle, and from the infection sites if such were present. A total number of 104 isolates representing different staphylococcal species were isolated and identified using routine biochemical methods applied in diagnostic laboratories. Among 17 isolated staphylococcal species, Staphylococcus intermedius was the most common species isolated from both healthy or diseased dogs living either in animal shelter or household environments. The pattern of Staphylococcus sp. colonization differs considerably for animals living in the two tested habitats. In particular, S. aureus MRSA and MSSA isolates were detected only in infected skin lesion samples from animals that dwelled in the animal shelter. As could be expected, S. intermedius was found to be a predominant causative agent in canine skin infections. In our study, we demonstrated that S. intermedius in its carrier-state, inhabits mainly the mucosal membrane of the nasal vestibule. It was also found in the samples taken from the skin, the lumbo-sacralis triangle and perineum, but was rarely isolated from the ears. K e y w o r d s: Staphylococcus spp. from dogs, diagnostic, phenotyping, biochemical methods
Introduction
Staphylococcus species are considered to be one of the most widespread bacteria found in nature. Bacteria that constitute this genus, colonize a number of domestic animals, including dogs and cats. Usually they belong to the normal skin flora of these animals commonly present on skin and mucosal membranes (Stepanovic et al., 2001; Hauschild and Wojcik, 2007) . In 1976 Hajek described a new staphylococcal coagulase-positive species Staphylococcus intermedius which colonized predominantly the skin and the mucosal membrane of the nasal vestibule in dogs (Hajek, 1976) . Later studies revealed that S. intermedius was the most frequent species isolated from healthy dogs. It comprised 40.3% of all isolated strains and was identified as a resident of the physiological bacterial flora of healthy dogs (Cox et al., 1988; Król, 1998) . Devriese and DePelsmaecker proved in their research that S. intermedius strains were predominantly isolated from nostrils and the rectum region of healthy dogs (Devriese and DePelsmaecker, 1987) . These two ecological niches were proposed to be the source for colonization of other areas in healthy dogs by S. intermedius strains (Nagase et al., 2002) . Usually occurring in healthy individuals, under favorable conditions S. intermedius can cause a variety of infections in dogs and cats (Biberstein et al., 1984 , Kim et al., 2005 .
Dermatitis or inflammation of the skin is caused by the diverseness of allergens, irritation and infectious 1 factors, or systematic diseases (Hendricks et al., 2002; Kizerwetter-wida et al., 2009) . Pyoderma is a type of dermatitis. It occurs fairly often among dogs. In pyoderma, either flesh or deep skin infections can be observed. Commonly in both cases, S. intermedius is the main causative agent. Infective skin lesions usually show up in warm, moist and wrinkled skin regions, where there appear to be propitious conditions for bacterial colonization and progression of pyoderma (Allaker et al., 1993; Guardabassi et al., 2004) .
Notwithstanding the growing responsibility and microbiological awareness among dog owners and the increasing interest for the S. intermedius species among the veterinary society, this species still has not been adequately studied. Bearing this in mind, knowledge of the bacterial flora composition of the dogs skin would be extremely useful in the epidemiological study of a variety of a skin infections that occur in dogs.
The main goal of this project was to determine the similarity, disparity and potential relationship between the different colonization patterns of the staphylococcal species characteristic for healthy and diseased dogs, living either in a rescue shelter or households.
Commonly the diagnostics of bacterial strains isolated from dogs are based on phenotypic methods and these type of methods were considered in this study (Miêdzobrodzki et al., 2008) . Although based on the fact that some staphylococcal species (S. intermedius and S. pseudintermedius) can be distinguished almost only by genetic methods, the further introduction of genetic based techniques in routine veterinary diagnostics is essential (Bannoehr et al., 2009; Devriese et al., 2009) .
Experimental Materials and Methods
Bacterial strain isolation. Bacterial samples isolated from 20 healthy and diseased dogs were examined. The examined group of dogs was heterogeneous. It consisted of 20 mongrels, both male and female that weighed from 5 to 45 kg. Among the 20 dogs, 12 had skin lesions and the remaining 8 had none. The dogs living in an animal shelter had been staying there for a few weeks up to 3 years. A similar time range was for the dogs living in household environments. Five out of 7 sheltered dogs, and 7 out of 13 household dogs demonstrated skin lesions. In the 8 remaining dogs, no skin lesions were observed, as shown in Figure 1 .
Samples were taken from skin lesions found in sick dogs as well as from healthy dogs without skin changes. The samples were collected by a veterinarian. The material used for research was derived from skin lesions caused by flea allergy dermatitis. These lesions were caused by hypersensitivity, and may have had pus complications. The lesions were not only always exuding with pus or serum-pus, but also painful and strongly pruritic. However, there were no immunological changes, understood as autoaggression, such as lupus or pemphigus. There were no spontaneous bacterial infections either.
Swabs were taken from each dog from both the left and right ear, the nasal vestibule, and perineum, as well as from the back, and in the case of the diseased dogs, also from the infection site (Fig. 2) . All the isolated samples/strains were described in the following manner: (i) classification of the etiological agent causing from skin infections; (ii) characteristic of the isolated bacterial strain by standard phenotypic methods; (iii) correlation between a particular isolation site and a staphylococcal species. Microbiological samples isolated from dogs were inoculated onto Columbia blood (supplemented with 5% sheep blood), BairdParker and Candida ID agar within 2 hours of isolation. After an incubation period of 48 h at 35°C, all colonies were screened and staphylococcal-like colonies were isolated and plated on tryptic soy agar for 24 h at 35°C. Pure isolates were then used for future experiments. A total number of 104 isolates was received from 20 examined dogs.
Microscopic analysis. To confirm the purity identification of all the 104 isolates to Gram-positive cocci, Gram staining was performed (Beveridge, 2001) .
Biochemical identification. Throughout the biochemical analysis, two reference strains S. aureus ATCC25933 and S. epidermidis ATCC 12228 were tested alongside the canine isolates. All isolates were evaluated for catalase activity and furazolidone resistance. Bacterial identification was performed by a coagulase tube test (Biomed, Poland). Detection of the clumping factor with rabbit plasma was performed by PASTOREX TM STAPH-PLUS test (BIO-RAD). In order to confirm identification of staphylococcal species, ID32 STAPH (BioMerieux, Poland) analysis was done (Sasaki et al., 2007a; Weese et al., 2009) .
Results
A total of 104 staphylococcal strains were isolated from healthy and diseased dogs living in either animal shelter or households. All strains demonstrated typical colony growth on blood and Baird-Parker selective agar. Coagulase-positive staphylococci produced black, shiny, convex colonies with entire margins and clear zones with or without an opaque zone around the colonies.
Phenotypic characteristics of isolated strains. The free coagulase tube test revealed a positive reaction in 61 strains (59%), whereas no coagulation was observed in the remaining 43 (41%) strains. Although the production of the clumping factor was detected in 44 (42%) strains, 57 (55%) did not produce this factor, and for 3 (3%) strains the results were uncertain. The PASTOREX TM STAPH-PLUS test showed that only 39 among all strains (37.5%) have the ability to autoagglutinate. In terms of the ID32 STAPH method, 104 strains were identifiable, Table I . S. intermedius (46 strains) and S. aureus (11 strains) were the only two coagulase-positive staphylococcal species isolated among all the tested canine strains. The remaining strains belong to the coagulase-negative group. Domicile and Staphylococcus sp. variety. Table I presents the rate of occurrence of different staphylococcal species in swabs taken from the skin, ears, and mucosal membrane of the nasal vestibule, from dogs living in the animal shelter or households. A total of 17 different species belonging to the Staphylococcus genus were found. Animals living in the shelter carried 11 different species, whereas 12 species were isolated from dogs living in household conditions. Regardless of living environments, S. intermedius isolates were the most common. It accounts for 40% and 47.4% of all isolated strains, respectively for the animal shelter and household environment. Based on the obtained results the difference between staphylococcal profiles and the various environments that they colonize was noticeable. Dogs from the animal shelter were carriers for such staphylococcal species, like S. gallinarum, S. saprophyticus, and S. simulans that were not isolated from any animal living in the household environment. On the other hand, such species as S. warneri, S. hominis, and S. chromogenes, were isolated only from dogs living in the households. A fact worth noticing was that 11 S. aureus strains (MSSA and MRSA) were isolated only from samples obtained from the shelter.
Manifestation of particular staphylococcal species in samples isolated from the nasal vestibule are shown in Table II . In the group of 11 isolated species the most frequent, despite of habitat, was S. intermedius. Nevertheless, S. intermedius was detected more often in samples taken from dogs kept in households than in the animal shelter, 55.5% and 31.6% respectively. Living environment of examined dogs total number of bacterial strains (%) 1 S. aureus strains were isolated mainly from the mucosal membrane of the nasal vestibule of dogs living in the shelter in the range of 31.6%. Adjacent to coagulasepositive species, coagulase-negative staphylococcal species were also present in the biological material. While, S. equorum, S. sciuri or S. cohni were found only in dogs from the shelter, S. lugdunensis, S. chromogenes, S. xylosus or S. warneri were presented in the samples taken from the animals living at home. This should be treated as a trend because the number of examined dogs was relatively low. S. intermedius was also the most prevalent species among isolates from the perineum region, Table III . Furthermore, it was the only staphylococcal species shared among household and shelter dogs. The following species were detected in swabs taken from the perineum region of the sheltered animals: S. aureus, S. saprophyticus, S. gallinarum, S. equorum, S. simulans, and S. lentus. Subsequently, domestic dogs carried S. hominis, S. warnerii, S. chromogenes, S. haemolyticus, and S. epidermidis in the material from the same isolation region.
From the lumbo-sacralis triangle region shown in Figure 2 , 9 species of Staphylococcus were distinguished, Table IV . In comparison to the samples taken from shelter animals, the dogs living at home were characterized by a broad range of staphylococcal species, 2 and 8 species respectively. As mentioned above only two species were isolated from the lumbosacralis triangle samples from sheltered dogs: S. intermedius (75%) and S. aureus (25%).
The above data demonstrated that S. intermedius in carrier-state, predominantly colonized nares of tested dogs. Over 50% of all animals, regardless of their living environment, sick or healthy carried strains of this species in the nasal vestibule. The next preferred region was the lumbo-sacralis triangle and perineum. S. intermedius, however was isolated more often from the sheltered dogs (75%) then from animals living in households (16.7%), Table IV . In both healthy and diseased dogs, the patterns of colonization were similar, as it is shown in Figure 3A and Figure 3B .
The etiological factor for skin lesions of canine origin. The rate of occurrence of different staphylococcal species, isolated from 12 dogs with infection sites are listed in Figure 4 . The most common species found in 7 out of 12 examined animals (58.3%) was S. intermedius. In 5 out of 7 dogs living in households it was the only staphylococcal species isolated from the skin lesion. Moreover, 7 additional Staphylococcus spp. were isolated, including: methicillin-resistant S. aureus (MRSA), S. haemolyticus, S. chromogenes, S. simulans, S. equorum, S. xylosus, and S. cohni which appeared to be single cases. Staphylococcal species distribution in diseased dogs was also analyzed based on habitat, Figure 4 . Among the 8 species mentioned earlier, 6 originated from animals living in the shelter and three from dogs living at home. Evidently, S. intermedius was the dominant species in each habitat, nevertheless it was isolated more repeatedly from animals living in households (71.4% of all animals). A greater variety of staphylococcal species were found in skin lesion samples taken from animals living in the shelter, where S. intermedius occurred in 40% of these animals. Among these species S. aureus (MRSA), S. simulans, S. equorum, S. xylosus, and S. cohni were identified. In skin infections of dogs living in household conditions, beside S. intermedius strains, only S. haemolyticus, S. chromogenes were found in skin infections.
Discussion
Normal animal skin is colonized by numerous bacterial species, which contribute to the physiological skin flora. Staphylococcus species are not out numbered among this flora. The most typical staphylococcal species isolated from canine skins are S. intermedius, S. xylosus, S. sciuri, S. capitis, S. chromogenes and S. lentus, by Nagase et al. (Nagase et al., 2002) . At the same time other studies show a slightly different profile of isolated strains from dog skin at carrierstate: S. intermedius, S. aureus, S. simulans, S. heamolyticus, and S. saprophyticus (Hauschild and Wójcik, 2007 ). So far not many studies have been done to determine the staphylococcal colonization pattern based on a specific part of the body or living habitat conditions of the animals from which swabs were taken.
In the recent study we took an effort to characterize the contribution of the different staphylococcal species in the colonization of dogs living in two different environments: the animal shelter and households. Our data confirm the general trend that S. intermedius strains are isolated at a higher rate from dogs that inhabit households, whereas S. aureus is isolated from dogs living at the shelter. These differences could be explained by distinctness in animal exposition to other Body site (Talan et al., 1989; Król, 1998) . S. aureus strains isolated during our research, seem to be an excellent example. The animals from the shelter living in small closed areas and are in constant contact with other animals and moreover with the personnel, who are one of the main carriers of S. aureus (Kloos and Musselwhite, 1975) . Humans are colonized by MSSA or MRSA by a carriage rate of 2040% (Shopsin et al., 2000) . These numbers grow even higher in the case of elderly persons or hospital personnel, where they can reach up to 90% (Szewczyk, 2005) . Throughout our study, S. aureus strains were isolated only from dogs living in the animal shelter and comprise 24.5% of all strains isolated in these animals. Among this group we isolated both MSSA and MRSA strains.
On the other hand our data confirm, that S. intermedius is present in carrier-state in dogs. Isolates of this species were the most common, regardless of habitat and dog health conditions. The most favorable place for bacterial colonization was the mucosal membrane of nostrils. It was a reservoir for nearly 55% of all S. intermedius isolates, followed by the lumbo-sacralis triangle region (almost 30%).
Dermatitis is the most common type of infectious disease found in dogs (Ackerman, 1994) . Dermatoses have a variety of etiological factors, where some of them are caused by particular bacterial strains. 90% of pyoderma in dogs is caused by S. intermedius strains infection (Craig, 2003) , while S. aureus is one of the causative agents in skin lesions of nonpyodermal origin (Biberstein et al., 1984) . Our data show that S. intermedius species seem to be the only species presented in microbiological samples from infected skin lesions of dogs living in both animal shelter and household environments. It was isolated from almost 60% of all diseased animals. Five out of seven of these dogs had only S. intermedius strains presented in the infected skin lesion. In the remaining two cases, S. intermedius strains were accompanied by other coagulase-negative strains.
The achieved data enriches our knowledge of the colonization of dogs by not only staphylococcal coagulase-postive strains like S. aureus or S. intermedius but also by coagulase-negative strains. The presented results are also important for understanding the epidemiology of infectious animal diseases, in which bacteria from the staphylococcal genus play a crucial role. In the last few years, a new Staphylococcus species S. pseudintermedius was separated from the group previously considered to be S. intermedius species (Devriese et al., 2005; W³adyka et al., 2008) . S. pseudintermedius can be easily misclassified as S. intermedius by routine biochemical methods used in standard diagnostics. Furthermore, it seems that all the isolates classified in our and other projects by routine biochemical identification tests seem to be S. pseudintermedius. Therefore, the final microbiological identification must require the use of genetic methods (Sasaki et al., 2007a; Bannoehr et al., 2009) .
The number of dogs used in the project was twenty which was not very high. However they were used to show whether the similarity in lesions is because of same etiological factors in diseased dogs (twelve) and to recognize the staphylococcus species in healthy dogs at carrier state (eight). The staphylococcal species isolated from healthy and diseased dogs were compared to understand the colonization although disease was not studied. The main question was, do the carriage or the life conditions (house/shelter) effect the occurrence of disease?
The less number of dogs taken in the project resulted from trouble in selection of animals. There were often abrasions or wounds present on the skin. Only the dogs with skin lesions were taken for the project. The idea was that the similarity in skin lesions is caused by staphylococci, the carriage in same area and the localization of dogs in environment. Thus the work was to be done with high precision. Dogs were taken from one acute shelter hostel and the skin lesions were clinically evaluated. All the samples were taken by same veterinary doctor.
Analysis shown in the paper is an introduction on the general elaboration of carriage phenomenon in dogs living under different environments (house/shelter) and of isolated strains from skin lesions in part of dogs in the population. Thus showing the relation between diseased to healthy dogs and house to shelter conditions. A total of one hundred four bacterial strains were isolated from twenty dogs. Higher species heterogeneity was observed among bacteria in dogs from shelter and that this difference did not affect pathology, which is mainly caused by S. intermedius, independent of the living environment of dogs. So the etiological factor can be easily observed among the tested dogs and the number of dogs used were enough to give the phenomenon. Authors were interested neither in the numbers of dogs nor in possessed isolates, but in observation of differences in colonization and etiological factors according to dogs life environment.
In conclusion, we described the isolation of various staphylococcal strains which were constituents of the normal biocenosis of the skin of dogs. We also reported staphylococci as etiological factors of wound infections in household or rescue shelter dogs, healthy or diseased. Our observations enriched by recent reports by other authors expand the knowledge to be more precise which brings focus to ecological phenomena and epidemiological pathways. A carriage phenomenon and transient colonization by such strains in dogs and/or their owners facilitate the transmission of staphylococci between humans and domestic animals 1 (Simoons-Smit et al., 2000; Nagase et al., 2002 ) with a particular share of staphylococci from poultry (Wieliczko et al., 2002) . As it is reported the genomic similarity of strains isolated in veterinary pathology is particularly specific (Cuteri et al., 2004 , Jakubczak et al., 2007 . The dissemination of methicillin-resistant S. pseudintermedius in various animals and the confirmed presence of their resistance genes places them as potentially serious pathogens (Ruscher et al., 2009) . They have to be precisely analysed by a number of validated and recommended methods (Cuteri et al., 2004; Ma³achowa et al., 2005) . Recently elaborated molecular methods should be introduced to restriction analysis of the chromosomal DNA with the final aim of increasing the effectiveness in discriminating closely related strains (Krawczyk et al., 2007; Black et al., 2009) . A need of such an investigation is additionally enhanced by single reports on human colonization by S. intermedius (Talan et al., 1989; Mahoudeau et al., 1997; Kikuchi et al., 2004) as well as recently reported infections caused by S. pseudintermedius (Van Hoovels et al., 2006; Sasaki et al., 2007b) . Thus the elaboration of new procedures and diagnostic schemes for both veterinary and human bacteriology are an emerging challenge.
